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Stem Cells — Haemobiology and Clinical Data

Summarising: a Critical Review

Bela Balint," 2 Mirjana Pavlovic,® Milena Todorovic* ®

Abstract

Stem cells (SC) are the unique and "key-cells" in the human body "working" as a
source of producing a large number (proliferation) of mature (differentiation) cells
inside different tissues ("cytopoiesis") - while at the same time maintaining the
ability to "reproduce” themselves (self-renewal). These events are balanced by in-
teractive signals from the extracellular matrix, as well as microenvironment pro-
vided by stromal cells. On the other hand, SC plasticity (so-called "inter-systemic
plasticity") is the ability of the most "primitive" (immature) adult SCs to switch to
novel identities. The phrase SC plasticity also involves phenotypic potential of these
cells, broader than spectrum of phenotypes of differentiated cells in their origi-
nal tissues. Recent increasing clinical use of cell-mediated therapeutic approach-
es has resulted in enlarged needs for both, higher quantity of SCs and improved
operating procedures during extracorporeal manipulations. The aim of harvest-
ing procedures is to obtain the best SC yield and viability. The goal of optimised
cryopreservation is to minimise cellular thermal damages during freeze/thaw
process (cryoinjury). Despite the fact that different SC collection, purification and
cryopreservation protocols are already in routine use - a lot of problems related to
the optimal SC extracorporeal manipulations are still unresolved. The objective of
this paper is to provide an integral review of early haemobiological and cryobio-
logical research in the unlimited "SC-field" with emphasis on their entities, recent
cell-concepts, extracorporeal manipulative and "graft-engineering" systems. Their
therapeutic relevance and efficacy in "conventional” SC transplants or regenerative
medicine will be briefly summarised. Finally, in this paper original results will not
be pointed out - related to neither SC transplants nor regenerative medicine - but a
light will be shed on some of them.
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Introduction
— general considerations

Generally, the “cytopoiesis” - defined as in vivo cell
development and expansion - is a multi-cyclic pro-
cess in which a variety of large quantity of mature
cells are produced from a small number of stem
cells (SCs).!?® Extremely “primitive” (immature)
SCs could be characterised as cells having more
or less “limitless”, but well-balanced self-renewal
ability (SCs dividing to make more identical cells),

high differentiation and proliferative capacity, as
well as potential for “inter-systemic plasticity”
(a possibility to “switch” into other cell lineages
trough transdifferentiation).?1°

Permanent activity of SCs guarantees the “steady-
state” homeostasis (from self-renewal to matura-
tion in various “tissue-generating” (such as hae-
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matopoietic) systems. However, the concept/
event of SC aging results in a gradual degradation
(up to missing) of some tissue functions - includ-
ing decreased cell/tissue regenerative (renewal)
potential by consequent reduction of the organ
repair capacity. In clinical settings, SCs allow the
repopulation of bone marrow (BM) (“convention-
al” SC transplants) or organ repair/restore (re-
generative medicine) following therapeutic use.>*®

Haematopoiesis is an eventful and multifarious
continuous haemobiological process during which
a spectrum of mature blood and immune-system
cells are produced from immature compartment
of haematopoietic SCs (HSCs). HSCs are actual-
ly the best evaluated and explained SCs.* They
are distributed in different haematopoietic com-
partments throughout the body during foetal and
adult life. In adults, HSCs are located primarily in
the BM and have full-size potential for differenti-
ation into pluripotent or committed progenitors
and finally deliver different mature blood cells -
required for daily blood turnover and for fighting
infections. The HSC population expresses CD34
antigen - it was initially characterised as a glyco-
protein expressed on haematopoietic stem/pro-
genitor cells - thus they are named also as CD34*
cells. The CD34 is the cluster designation given
to a marker present on HSC surface, but also on
some “tissue-specific” stromal cells." 913
Haematopoiesis is regulated through the extra-
cellular matrix and different microenvironmental
derived stromal cells by production of interactive
matters and factors, such as various haematopoi-
etic “growth factors”. A number of studies have
verified that a complex network of cytokines and
other mediators regulate the SC survival (self-re-
newal), maturation (differentiation) and exten-
sive cell production (proliferation).% 58

Compared to adult SCs from other tissues, HSCs
are relatively not difficult to obtain, as they can
be either aspirated directly from the BM or stim-
ulated (mobilised) to move into the peripheral
blood (PB) where they can be harvested by apher-
esis. In practice, HSCs can be collected by multiple
aspirations or by harvesting from PB following ap-
plication of “mobilising regimen”: the use of che-
motherapy and/or recombinant granulocyte-col-
ony-stimulating-factor (rHuG-CSF).}'® Umbilical
cord blood (UCB) derived SCs can be collected
using purification methods such as cell process-
ing and rarely immunomagnetic selection. UCB
transplants have provided hopeful results firstly
in paediatric patients - when a matched related or
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unrelated BM or PB donor was unavailable.'3 1423
Some marrow damages caused by the use of che-
motherapy (autologous transplant setting) could
be a restrictive factor of successful SC harvesting
from PB (“poor mobilisers”). Namely, the quanti-
ty of total CD34" cells in the PB mobilised healthy
donors is typically higher than in the circulation of
treated patients.!° That could be a critical factor for
delayed haematopoietic reconstitution following
autologous vs allogeneic SC transplants.*! How-
ever, in the bloodstream of mobilised patients the
SC population is typically more “primitive” - since
they have superior CD90 expression (a specific
marker for immature CD34*/CD90* population or
“repopulating” SCs).>° The presence of these cells
in graft is essential for complete, stable and long-
term marrow repopulation and following haema-
topoietic reconstitution.

The most attractive quality of extremely “primi-
tive” adult SCs (including some HSC partitions) is
the mentioned “inter-systemic plasticity” (medi-
ated by “dedifferentiation” and “transdifferentia-
tion” activity or “cell-reprogramming”) due to the
cell ability to convert or switch into different so-
matic cellular lineages. In appropriate conditions,
they can deliver osteocytes, cardiomyocytes, he-
patocytes, endothelial and other “tissue-specific”
somatic cells.>** This HSC ability (similar to mes-
enchymal SCs) emphasizes their potential role in
a spectrum of different clinical scenarios. Namely,
the most “primitive” SCs open novel viewpoints
and perspectives in the treatment of different
diseases. The possibility of implantation of these
cells into human body by reason of repair of dam-
aged organs (regenerative medicine) and/or tis-
sue/organ replacement (tissue engineering) will
be highlighted.!* 2931 Although attractive, these
SC-concepts are still the matter of controversy.

Finally, yet importantly, in this paper a number of
evidence-based approaches, knowledge and facts
of SC basic research and their clinical applications
(based on the marrow repopulative and organ re-
pair potential), as well as the existing limitations
and future directions will be briefly reviewed.

Stem cell concept — embryonic vs adult cells
Generally, the SC population can be divided into:
(a) embryonic and (b) “tissue-specific” adult cells.
Embryonic cells are truthfully able to differentiate
into all cellular types or categories in human body.
Current studies were verified that the most “prim-
itive” adult SCs can have also similar (practically
“unlimited”) biological potentials. Precisely, adult
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SC multipotency and “inter-systemic plasticity”,
which have been newly discovered, could also
lead to their hopeful use (autologous setting) of
these cells in for tissue/organ regeneration or re-
placement.’% 3!

As expected, embryonic SCs are the most “prom-
ising” (by in fact “unlimited”) cellular potentials,
but also the most controversial ones. Numerous
researchers view the zygote as the “ultimate-SC”
since it can develop or differentiate into whichev-
er cellular lineage in human body. The zygote has
the highest degree of “inter-systemic plasticity”
and it is referred to as an exact or authentic “toti-
potent” SC.1.24

Following fertilisation, the zygote begins to divide
and by the fifth-sixth day cells form the blasto-
cyst. After that (the first week), cells begin to ex-
pand the coding sequence for specific functions,
which makes isolating the SCs through the blasto-
cyst-state, imperative. These cells (collected from
blastocyst) can be cultured ex vivo into embryonic
SCs. They have the capability to develop into all
three tissue types (endoderm, ectoderm or me-
soderm). After approximately 8 to 12 weeks, the
“foetal SCs” are accumulated in the liver. Hypo-
thetically, these “foetal SCs” (as well as the embry-
onic SCs) can be transplanted into an individual
without being rejected because they have little or
none of “immune-triggering-proteins” on cell sur-
face.*

The compartment of adult SCs is at a more ad-
vanced phase of cell progress. Different adult SCs
are able of making a number of identical “cell
copies” (self-renewal), but they more frequent-
ly divide to make progenitor or precursor cells
of some specific cell lineages. Earlier adult SCs
were considered as cells non-capable of “trans-
differentiating” into cell lineages of above men-
tioned three tissue types because they cannot be
“rejuvenated-back” to an earlier cell stage - “de-
differentiation” followed by the process of “trans-
differentiation”. Adult SCs have been identified in
different tissues/organs, but in very small quan-
tities. Therefore, they can be detected in the BM,
bloodstream, blood vessels, cornea, dental pulp,
brain, skeletal muscle, skin, liver, pancreas and
gastrointestinal tract, etc.>*

Adult SCs could be described as cells having
well-balanced self-renewal, differentiation and
proliferative capacity, as well as potential for “in-
ter-systemic plasticity” - that is ability to “switch”
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into other cell lineages. The self-renewal ability of
“primitive” HSCs provides maintaining of the con-
tinuity of their population in BM under conditions
of physiological haematopoietic balance (“steady
state” haematopoiesis), but also in situation when
it is partially disturbed. Less “primitive” popula-
tions of SCs and progenitors will give, however,
only mature blood cells." 2

Last but not least, SC (haemo)biology is one of the
most attractive and dynamic topics in overall biol-
ogy - not only from a methodical viewpoint, but
also from the social, regulative and ethical points
of view. However, it must be emphasised once
more that there are still dilemmas and more or
less “insurmountable” barriers regarding the re-
search and (pre)clinical study of embryonic SCs.
Namely, it is well known that some ethical aspect
includes for many, strong argument that embry-
onic SC research, experiments or especially po-
tential clinical use are very nearly equivalent for a
negligent “manslaughter”.’-2

Stem cell collection/harvesting and ex vivo
manipulations

Historically, for transplants, BM was the primary
SC-source, in which approximately 1-3 % of total
nucleated cells (TNCs) express the CD34 antigen.
10 The collection of mononuclear cells (MNCs; to-
gether with SCs) from BM is the same for an al-
logeneic donor as for an autologous patient. The
CD34* cells were determined also in PB, but in
enormously small ratio in the “steady-state” hae-
matopoiesis: 0.01-0.05 % of TNCs.'” !* The first
SC harvestings from PB were accomplished in
“steady-state” haematopoiesis, and numerous (6
to 9) apheresis procedures were required with
following cryopreservation. Nowadays, SCs are
harvested after “mobilising regimen” and the typ-
ical number of aphereses needed is not more than
one to three. 32 UCB has been used as an alter-
native SC source since the late 1980s.'>'*UCB has
emerged as an alternative source of transplant-
able CD34* cells for patients who lack adult HLA-
matched SC donors.!3 142223

Stem cell collection from bone marrow

SCs are collected by multiple aspirations from the
posterior and anterior iliac crest and (seldom)
from sternum. The posterior iliac crest provides
the richest site of BM-derived SCs. The procedure
is performed under sterile conditions in the op-
eration room, while the donor is generally an-
aesthetised. In order to provide of required MNC
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Figure 1: Stem cell collection by multiple
J aspirations from bone marrow

quantity (= 3 x 108/kg of body mass [kgbm]), ap-
proximately 200 aspirations are performed (sin-
gle aspirate volume = 2 - 5 mL).® Cell aspirate
should be filtered in order to remove bone and
lipid tissue particles and cell aggregates, as it is
presented in Figure 1.

Anticoagulation is provided using citrate solution
and by heparin diluted in saline (5000 1U/500
mL), using autologous plasma for resuspension of
collected MNCs. The highest target dose of collect-
ed marrow aspirate is 15 mL/kgbm of donor. The
volume of aspirate is relatively large (800 - 1000
mL) and it contains a high count of red blood cells
(RBCs).** Thus, in order to prevent anaemia in do-
nors, one unit of whole blood for autologous trans-
fusion (to carry out during SC collection) should
be collected approximately one week before cell
aspirations. For ABO-incompatible (major and/
or minor) and rarely for autologous transplants
(cryopreservation is required), RBC or plasma
quantity reduction is obligatory (by extracorpo-
real processing). This method enables reduction
of the aspirate volume and reduction of RBC mass
(“contamination”) by approximately = 80 %.**°

Stem cell
blood
Nowadays, PB-derived SCs are used for approxi-
mately 80 % of allogeneic and practically for all
autologous SC-transplants. Transplant of SCs from
PB could be characterised by a) lack of general
anaesthesia and work in surgical room; b) minor
harvest volume and better CD34"* yield; c) superi-
or “engraftment-rate” and inferior transplant-re-
lated morbidity.!®

harvesting from peripheral

For donor/patient anticoagulation, typically ac-
id-citrate-dextrose formula A (ACD-A; 2.2 % ci-
trate) or rarely ACD-B (1.8 % citrate) solutions are
used. The venous access is most frequently real-
ised through ante-cubical veins (allogeneic). Au-
tologous harvestings should be performed using
central-venous catheters. These catheters have
simplified cell harvesting procedure but may be
associated with thrombosis of the instrumented
vessels. There is also about one percent of “cen-
tral-venous catheter-related” risk of local infec-
tion, pneumothorax or bleeding.! 33-38

Two harvesting procedures in the Centre for SC
transplants and schematic image of “SC-hierar-
chy”, as well as separated blood layers are pre-
sented schematically in Figure 2.

For obtaining of an acceptable SC or CD34" yield,
two standardised “mobilising regimens” are in
use: a) rHuG-CSF 5 - 10 pg/kgbm per day (allo-
geneic setting) and b) rHuG-CSF 12 - 16 ug/kgbm
daily combined with chemotherapy in corre-
sponding doses (autologous setting).l-25 32

An innovative harvesting protocol to obtain suffi-
cient SC quantity from “poor responders” or “poor
mobilisers” (some patients, heavily-pretreated
by radio-chemotherapy) is based on the use of
AMD3100 or plerixafor (Mozobil) - which is a po-
tent antagonist of the alpha chemokine receptor
CXCR4.3*Physiologically, the Stromal Derived Fac-
tor 1 (SDF-1), due to its interaction with CXCR4,
retains SCs in the BM (phenomenon known as
“homing”). Plerixafor effectively inhibits this “CX-
CR4-with-SDF-1" interaction. Initially, plerixafor
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Figure 2: Cell harvesting by large volume
leukapheresis using the last generation of
blood separators
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(previously known as AMD3100) was a candi-
date-drug for the treatment of AIDS, but it is man-
ifested by an “unexpected side effect”: white blood
cell (WBC) countrise in the circulation. Thus, now-
adays there are data describing superior effects of
“mobilising regimen” with the use of plerixafor in
combination with rHuG-CSF: increased number of
progenitors and immature SCs (capable for long-
term marrow repopulation - LT-HSC) in the PB
and higher cell yield in the harvest.1% 3436

Determination of the optimal timing is perhaps
the most critical event for both, allogeneic and au-
tologous cell harvesting. For allogeneic donors the
firstapheresisis on the fifth day of rHuG-CSF appli-
cation."*The choice of an optimised timing for au-
tologous harvesting is more complex and contro-
versial - it can be determined by circulating CD34*
cell count. Their number evidently correlates with
both, collection timing and SC quantity in har-
vest, respectively. Exactly, it is confirmed that for
a CD34* 2 20 - 40/uL of patient's circulation the
possibility of the CD34* yield = 2.5 x 10° per kgbm
in the harvest is around 15% after performance of
one “standard” apheresis or = 60% following one
large volume leukapheresis (LVL). Of course, high-
er CD34* number in circulation results in their su-
perior yield in the harvest.3*10

Finally, a recent preclinical investigation has con-
firmed that the relative frequency of immature SC
subset (CD34*/CD90*) in PB possibly could be a
practical and potentially more objective mobilisa-
tion predictive factor (for optimised timing) and
predictor of the harvest (apheresis product) qual-
ity.10

The efficiency of harvesting can be evaluated by
CD34* quantification. In order to expect successful
SC transplant, the total number of CD34* should be
about 200 - 300 x 10° cells per unit or 2 - 4 x 10%/
kgbm in harvest (with platelet count <470 x 10° and

RBC volume < 6 - 8 mL, respectively). However, re-
cent data support a clinical benefit associated with
greater CD34* yield (= 5.0 x 10%/kgbm) compared
to the minimum cell quantity needed (= 1.0 x 10¢/
kgbm) in autologous transplant setting. The final
haematocrit is 0.05 - 0.10 and the final harvest vol-
ume is 200 - 250 mL.*3233

A characteristic of PB harvest is a high T-lymphocyte
“contamination” or rate - with consequent risk of
Graft versus Host Disease (GvHD), but also a ben-
efit from resulting Graft versus Leukaemia (GvL)
effect.3® 3" Efficient graft purification methods, that
is T-lymphocytes was developed using positive or
negative immunomagnetic selection (see Figure 3).

The use of immunomagnetic system has been
shown (including our own cell investigations) to
be the most effective harvest purification method
to achieve a 3 - 4 Log,, T-lymphocyte depletion
while retaining around 70 - 80 % of CD34* cells
in the graft.'*

Stem cell purification from the umbilical
cord blood

The volume of UCB unit is typically 100 mL (range
40 - 240 mL) with a TNC count = 1x10° and CD34*
around 3x10° per unit. UCB can easily be cryo-
preserved, thus allowing for the establishment of
HLA-typed SC banks. UCB is rich in “more prim-
itive” SCs (superior BM repopulating capacity)
but have the potential to transdifferentiate into
non-haematopoietic cells (myocardial, neural, en-
dothelial cells, etc). The “naive” lymphocytes in
the UCB allows the use of “partially HLA-matched”
grafts with no higher risk for severe GvHD. The use
of UCB-derived SCs is appropriate for treatment
of paediatric patients (a higher risk of graft fail-
ure was noticed in children weighing = 45 kgbm),
and for whom a matched BM or PB donor of SCs is
unavailable.!* 3841
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Figure 3: Immunomagnetic CD34* selec-
tion — theory and our own application

Stem cell long-term storage by cryopreser-
vation

Cryopreservation protocols (controlled-rate vs
uncontrolled-rate freezing) are nowadays in
routine practice - but they should be revised to
minimise cell thermal damage (cryoinjury), con-
firming that the most effective cryopreservation
system has not yet been determined. Micropro-
cessor-restricted (controlled-rate) freezing is
more effective because of superior quantitative,
morphological, ultrastructural and functional cell
recovery - but it requires complex equipment and
high-level technical expertise. Uncontrolled-rate
(“dump-freeze” without programmed cooling
rate) technique is less costly because it does not
require a programmed freezing device.***
Generally, cryoinjuries result from an extensive
volume reduction (cellular dehydration or solu-
tion effect) or massive intracellular ice crystallisa-
tion (mechanical damage). Although independent,
these mechanisms can also act together. The first
event is expressed primarily at low-rate (< 10°C/
min) freezing, and the second one in high-rate
(= 10°C /min) freezing (see Figure 4a).>**°

Consequently, determination of a specific opti-
mised freezing rate for each cell type should be
considered. It is the cooling speed high enough to
prevent cell dehydration (prevention of solution
effect) and adequately low to make possible ef-
flux of water from the cell (escaping of mechanical
damages).

Cell destruction has occurred when transition pe-
riod from liquid to solid phase (due to fusion heat
releasing) is prolonged. Its duration is directly
related to the degree of cryoinjuries - therefore,
the compensation of the released fusion heat is re-
quired (see Figure 4b) during the controlled-rate
freezing. 3

Post-thaw cell recovery and viability are ade-
quate only when cryoprotectants - nonpenetrat-
ing (extracellular) and penetrating (intracellular)
compounds - are present in the “cryobiosystem”.
Cryoprotective agents reduce the degree of cryo-
injuries through reduction of cell dehydration
and/or by decreasing the intracellular crystalli-
sation. For SC, progenitor and mature blood cell
cryopreservation, glycerol, dimethyl sulphoxide
(DMSO0) and hydroxyethyl-starch (HES) are regu-

larly used, although in different concentrations.'*
43,46

In practice, SC cryopreservation consists of the fol-
lowing steps: (a) graft purification (if it is needed);
(b) equilibration (cell exposure to cryoprotectant)
and freezing; (c) cell storage at -90 + 5 2C (me-
chanical freezer), at temperature from -120 2C to
-150 2C (mechanical freezer or steam of nitrogen)
or at -196 2C (liquid nitrogen); and (d) cell thaw-
ing in a water bath at 37+ 3 °C.»¢

The initial cryoinvestigation (using animal mo-
del) has been confirmed that the recovery of col-
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ony-forming unit spleen or pluripotent progeni-
tors (CFU-Sd12; see Figure 5) and colony-forming
unit-granulocyte macrophage or committed pro-
genitors (CFU-GM) in the presence of 5 % DMSO
is superior.>

However, it has also been demonstrated that the
recovery of “very-primitive” pluripotent progeni-
tors or SCs (Marrow Repopulating Ability - MRA)
is better when 10 % DMSO is used.>? These results
imply a different “cryobiological request” of MRA
cells in comparison with the mature TNCs and
progenitors.

Stem cell clinical use — doctrine vs practice
The use of high-dose (radio)chemotherapy fol-
lowed by allogeneic (HLA-matched related/un-
related and haploidentical), syngeneic or autol-
ogous SC transplants is considered as standard
treatment for various malignant haematological
and some benign, predominantly immune-medi-
ated disorders or diseases (eg, multiple sclerosis).
A similar procedure with reduced-intensity con-

ditioning (RIC) can be offered to patients who are
disqualified for high-dose (radio)chemotherapy
because of their age or co-morbidity.!¢3°

The use of SCs for organ repair (damaged myocar-
dium, liver, pancreas, etc) opens new perspectives
in regenerative medicine. The most common hae-
matological malignancies treated by SCs trans-
plants are different leukaemias (nowadays mainly
acute myeloid leukaemia and acute lymphoblastic
leukaemia), Hodgkin’s disease or non-Hodgkin's
lymphoma, multiple myeloma and myelodysplas-
tic disorders. In addition, a number of neoplasms
and non-malignant diseases were treated with SC
transplants such as Wilms’ tumour, neuroblasto-
ma and severe aplastic anaemia, severe combined
immunodeficiency, as well as various congenital
or autoimmune disorders (multiple sclerosis, im-
mune-mediated enteropathy).* % 51-5

Specific clinical aspects - such as optimal trans-
plant timing, therapeutic efficacy, complications
- of the treatment of these disorders will not be
discussed in this article.
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Figure 5: CFU-Sd12 cryopreserved using our controlled-rate
freezing and by dimethyl sulphoxide (DMSO)

Finally, PB-derived SCs can have also a specific
anti-tumour (eg, anti-leukaemia) effect, partic-
ularly in haemato-oncology. The administration
of the donor-specific lymphocytes (DSLs) results
frequently in an immune-mediated anti-tumour
or effect. Recently systems to “separate” the GVL
effect from GvHD have been developed. The best

Balint et al. Scr Med 2020;51(4):261-71.

results were obtained in treatment of chronic
myeloid leukaemia (CML).'*37 Our investigations
of the use of DSLs also confirmed efficacy of this
treatment in patients with Philadelphia-positive
CML, relapsed after SC transplant. At the same
time, our original in vitro test (named as “Test of
Mixed Progenitors”) was introduced to predict the
clinical outcome of DSL-treatment.?’

As mentioned, a number of experiments and clin-
ical studies over the last several decades have
raised the possibility that SCs from one tissue may
be able to give rise to cell lineages of a complete-
ly different tissue (“inter-systemic plasticity”).
This concept has been revised by the Ratajczak’s
group.®! They developed and confirmed the novel
concept of Very Small Embryonic Like Cell (VSEL)
- shown to be SCs in BM and in non-haematopoi-
etic compartment, committed to differentiate into
some other tissues.'* 3!

s

~

Intracoronary SC use - Cardiology
_s

Intrathecal SC use = Neurology

©

Figure 6: The application of stem cells
in the fields of regenerative medicine

in our center

Figure 7: Intracoronary and intramyo-
cardial use of bone marrow-derived
mononuclear cells/stemm cells
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Thanks to their “inter-systemic plasticity”, thera-
peutic use of SCs is justified in the treatment of
patients with cardiac, liver, pancreatic, brain and
some other organ/tissue damages (Figure 6).

Clinical studies show that application of SCs into
the damaged or ischaemic regions of myocardium
results in “homing” and consequent “transdiffer-
entiation” into cardiac cells. The presence of a sig-
nificant quantity of cardiac cells is confirmed in
proliferative state in peri-infarction region. Thus,
the first source of these “regenerative cells” is
maybe cardiac SCs, which are in the inactive stage
in “intact” myocardium. Following infarction, they
differentiate into mature cardiomyocytes, smooth
muscle and endothelial cells. Besides, after infarc-
tion, myocardial ischaemia initiates the release of
some cytokines and chemokines that induce SC
recruitment from other “niches” and their “hom-
ing” into the damaged myocardium.? 3% The in-

Conclusion

The intensification of myeloablative therapy
with SC rescue and increase in the use of al-
logeneic transplants, as well as cell-mediated
therapeutic approaches have resulted in higher
needs for both, SCs and a practical ex vivo oper-
ating procedure in order to minimise cell dam-
ages. The use of "conventional” SC transplant
is an imperative for treatment of haemato-on-
cological, some benign blood or autoimmune
disorders. The concept "inter-systemic plastici-
ty" of very "primitive" SC enables their ever-in-
creasing therapeutic use for organ repair. How-
ever, future randomised, controlled and larger
clinical trials are needed to determine the exact
arrangement of this innovative treatment in the
fields of regenerative medicine.
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